Abstract-The stellar initial mass function (IMF) is the key to understanding the matter cycle in the Universe. Edwin Salpeters paper of 1955 founded this research field. Evidence today, however, challenges the initial mass function as an invariant probability distribution function.
By the mid-1950s, what powers stars became increasingly understood through the framework of the new theory of quantum physics, by then widely accepted. In 1951, Edwin Salpeter, born to a Jewish family in Austria and having emigrated to Australia in 1939, published with Hans Bethe the Bethe-Salpeter equation [1] , which describes the bound states of two relativistic particles in quantum theory, and in 1952 he wrote a paper on how the triple-alpha-process could operate to produce carbon through the beryllium-8 resonance [2] . With his 1955 landmark paper [3] , written at the Australian National University in Canberra while on leave from Cornell, Edwin Salpeter built a first bridge connecting the new theory of quantum mechanics to cosmology, therewith addressing the cosmic matter cycle and chemical enrichment over time. He showed how quantum mechanical processes transpire to define the macroscopic phenomenon of stellar birth and death rates, given the astronomical observations of the visible stellar population in the Galaxy. From todays vantage point, it is thus right to recognize his 1955 paper [3] to be one of the most important research papers ever written in astrophysics.
The understanding of the Galaxy and its stars as being one of many extragalactic nebulae was also in transformation, and the first evidence for the unexpected shape of the rotation curves had emerged with the work of Babcock [4] on Andromeda. The mass distribution in these nebulae was thus becoming a research problem. The realization that stars are born, evolve at a rate depending on their mass through fusing 12% of their mass from hydrogen to helium, and then evolve off the main sequence to die, led to the possibility that the mass distribution in a galaxy might change with time. Salpeter assumed that the stars do not change their masses except at death, and that they are born and die at a constant rate. For the age of our Galactic disk, he adopted T 0 = 6 Gyr. These assumptions allowed calculation, for the first time, of the relative probability for the creation of stars of mass m, ξ(m), which today is called the stellar initial mass function.
To achieve this calculation, he used the total observed distribution of their luminosities reported as star counts. He very roughly corrected this total luminosity function, Φ t (M V ), where M V is the absolute magnitude of a star in the visual photometric band, for contamination by nonmain-sequence stars and white dwarfs, yielding Φ(M V ). Edwin Salpeter noted the steepening of Φ(M V ) at magnitudes brighter than M V ≈ 5. Using the observation that population II stars (which he assumed to have an age near 6 Gyr) have a main sequence turn-off near M V = 3.5, he attributed the steepening to the stars with this magnitude having lifetimes corresponding to the age of the Galactic disk. Salpeter accounted for the stars already evolved off the main sequence by assuming that stellar death occurs when 12% of the hydrogen content is used up, that the lifetime of a star of M V = 3.5 is T 0 = 6 Gyr and that the rate with which hydrogen is consumed is proportional to m/L, where L is the bolometric luminosity of the star. The lifetime of any star brighter than M V = 3.5 thus becomes T 0 (L 3.5 /m 3.5 )(m/L), where m 3.5 and L 3.5 are, respectively, the mass and bolometric luminosity of a turn-off (M V = 3.5) star of 6 Gyr age. Thus, he derived the original luminosity function, Ψ(M V ) (Fig. 1) , which gives the relative frequency of stellar luminosities if the stars did not evolve.
As additional hypotheses, he invoked ξ(m) to be independent of time and to be a smooth function of m. A key function is the derivative of the stellar mass-luminosity relation, d(log 10 m)/dM V , which Edwin Salpeter had to approximate roughly by using a compromise between various compilations ( Fig. 1 ). Defining dN = ξ(m)d(log 10 m) to be the number of stars in the logarithmic mass interval log 10 (m) to log 10 (m)+d(log 10 (m)), the calculation he performed yielded ξ(m) ≈ 0.03(m/M ) −1.35 , which today is known as the Salpeter IMF with power-law index x = 1.35, valid for 0.4 < m/M < 10. This IMF, when extrapolated and integrated over all stellar masses (from 0.3 M to infinity), implied that the number of then known white dwarfs matched about 10% of stars today on the main sequence, in agreement with the star counts. He also calculated the mass budget, showing that the total mass in main-sequence stars today approximately compares with all mass ever formed in evolved stars. From the matching amount of interstellar gas observed, he suggested that most of it must have been recycled through stars, lending credence to the original suggestion by Fred Hoyle that all elements apart from hydrogen were fused in stars.
It is interesting to consider which of Salpeters suggestions remain valid and how the field has evolved. Zinnecker [5] noted that had Salpeter used the present-day accepted value for the age of our Galaxys disk, T 0 = 12 Gyr, he would have obtained x = 1.05, because, given the star counts, one would have had to add more massive stars into the original luminosity function. Miller and Scalo [6] updated the Salpeter IMF for a larger magnitude range, paying particular attention to uncertainties, while also taking into account stellar brightening during main-sequence evolution and the changing disk scale height with stellar age. They used improved stellar massluminosity data and discussed the degeneracy between a time-variable star-formation rate and the shape of the IMF (assumed constant). The authors found the stellar birth rate to be largely constant over the age of the disk and the gas-depletion time to be 13 Gyr, deducing that the Galaxy needs to be accreting gas to sustain its roughly constant star-formation rate. The mass in all stars and stellar remnants was found to be comparable to the gravitating mass in the disk of our Galaxy. A major advance in terms of depth of discussion and taking all possible uncertainties and newer data into consideration came next in the monumental effort by Scalo [7] . Improved stellar-evolution theory and empirical stellar mass-luminosity data constraints for brighter stars and new constraints on Ψ(M V ) were used. The dip in Ψ(M V ) near M V = 7, previously dismissed, was now adopted as a real feature (Fig. 1a) . The breakthrough photographic-survey technology relying on photometric parallax distances [8] allowed Ψ phot (M V ) to be constrained much better at the faintest magnitudes, showing it to decrease significantly, in contrast to the statistically much less constrained Ψ trig (M V ) obtained from trigonometric parallax distance measurements of the nearby stars (Fig. 1a) . The IMF in ref. [7] yields a roughly constant slope of x ≈ 1.7 above m = 1 M , a dip near m = 0.65 M and a decreasing IMF below m ≈ 0.2 M (Fig. 1b) . The work in ref. [7] thus forced the observed subtle features in Ψ(M V ), noted but rejected by Edwin Salpeter, into the IMF. The author also exhaustively discussed the IMF constraints for star clusters and for pre-main-sequence stars, and extended the discussion to the implications of the IMF for the integrated light and chemical evolution of galaxies.
Further advances came with the work that included unresolved multiple stars, LutzKelker and Malmquist biases and pre-main-sequence dimming and main-sequence brightening [9] . The authors showed that the subtle features in Ψ(M V ) are due to changes in the stellar mass-luminosity relation through the opacity, molecular weight and convective structure within late-type stars (Fig. 1c,d) . By using Ψ trig (M V ) and Ψ phot (M V ) as the resolved single-star and unresolved multiple-star luminosity functions, respectively, they solved for one ξ(m). This smooth IMF, shown in Fig. 1b , predicts all stellar populations to have a sharp peak in Ψ(M V ) near M V = 11.5 ( Fig. 1d) with a slight dependency on metallicity. An immense spectroscopic observational effort [10] of different clusters and associations in various galactic environments established x = 1.35 to be the correct value for the IMF of massive stars. The present-day generally accepted IMF [11] can thus be well represented by the canonical two-part power-law function with x = 0.3 for 0.1 < m/M < 0.5 and x = 1.3 for 0.5 ≤ m/M < 150. This IMF shape was confirmed [12] , but using only the trigonometric-parallax-based Ψ trig (M V ). The basic assumption made by Salpeter[3] that the starformation rate of the Galactic disk was roughly constant with evidence for some variation over a 1 Gyr timescale, and that the field-star IMF has x ≈ 1.3 for m more than a few M , has been confirmed by modern star-count work [13] .
The present-day discussion has shifted to testing the original assumption by Edwin Salpeter [3] that the IMF is a probability density function, or whether it might rather be an optimal (highly self-regulated) distribution function [14] . Recent observations have uncovered a dependency of the IMF on metallicity and density [15] , [16] , and infrared surveys have shown stars to form in long and thin molecular cloud filaments [17] , challenging the gravo-turbulent theory of the IMF. Returning to the caveat expressed in ref. [3] that the deduced IMF is but an average of the star-formation activity over the age of the Galactic disk: if the field IMF is constructed from individual star formation events in a galaxy, this composite field or galaxy-wide IMF becomes time and spatially variable [18] . This variation is consistent with the observationally deduced variation of the galaxy-wide IMF in dwarf [19] and major [20] disk galaxies, as well as with the seminal deduction that the galaxy-wide IMF is likely to have been top-heavy during the formation of elliptical galaxies [21] . The fact that the Scalo IMF is steeper than the SalpeterMassey index x ≈ 1.3 above m = 1 M (upper green IMF in Fig. 1b) can be accounted for through the field-IMF being the result of the composition of many IMFs.
The modern discussion distinguishes between the stellar IMF as stemming from the star-formation process in a molecular cloud core (a star-formation event or embedded cluster) and the galaxy-wide IMF as being the composition of all such star-formation events. This leads to major implications for understanding galaxy formation and evolution and thus for cosmology [14] . It will be important to carry out further observational tests of the optimal nature of the IMF, its emergence from the fragmentation of molecular cloud filaments and the role of gravo-turbulence, and to probe extreme star-forming systems at high redshift to better constrain the variation of the IMF [22] . Derivative of the luminosity mass relation 
